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Abstract

In this search The hydrogels were prepared by free-radical crosslinkig
copolymerization of the monomer acrylamide (AAm) with acrylic acid (AA) as a
crosslinker in aqueous solutions in the presence of potassium persulfate (KPS) as
initiator and N,N,N',N'-tetramethylethylene-diamine (TEMED) as accelerator,
polyacrylamide hydrogels structures were prepared by using acrylic acid (AA) (0.5, 1,
1.5, 2, 2.5) gm in the presence N,N'-methylene-bisacrylamide (MBA) as crosslinking
agents at temperature 60 °c for 2 hours.

The swelling ratio (Rs) was measured for all the hydrogel structures in
aqueous solution as function of time at room temperature. Sodium nitrate was loaded
into polymeric matrix during in situ polymerization. The concentration of sodium
nitrate released was measured on flame photometer every 1 hr. The fertilizer release
studies from the sodium nitrate loaded hydrogel was studied in aqueous solution as
function of time at room temperature. The results showed that the samples involving
the highest release of sodium nitrate were arranged as follows:

PAAM-AA259m > PAAM-AA2gm > PAAM-AA1s5gm > PAAM- AAigm > PAAM-AA05gm

1. INTRODUCTION
Fertiliser and water are two factors which put limitations on the agricultural
products). Therefore, improving the utilisation of water resources and nutritive
fertilisers are of a high importance. Studies show that between 40-70% of the nitrogen
loaded in the fertilisers is not absorbed by the plants' roots and is permeated to the
environment. This results in economical loses as well as environmental pollution. a
controlled release process can solve this problem and reduce the pollution
considerably. Another problem is that in most farms located in dry lands, there is a
water shortage specifically in the dry seasons while they cannot take advantage from
water sources in rainy seasons due to the lack of managerial skills. An appropriate
solution to this problem is to use a component which can provide water and release
fertiliser in a controlled way simultaneously.
Hydrogels are crosslinked polymers able to absorb and hold great amounts of
water. These polymers are synthesized by using water soluble monomers through a
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free radical polymerisation with the help of a suitable cross linking agent. The water
absorption characteristic of hydrogels is based on its contact with a
thermodynamically fitted solution and is formed by transmitting from crystalline
condition to rubbery condition. This characteristic of the hydrogels has many
applications in the biomedicine production®®, tissue engineering technology®,
contact lenses production ¥, and controlled release in agriculture and drug delivery
systems®®, Controlled release polymeric systems have many advantages in
comparison with normal systems. In addition to their application in drug delivery
systems, these hydrogels are used in agriculture as they reduce water consumption by
reducing the numbers of irrigation®®. They also reduce the plants’ death due to
dehydration®®, stabilise fertilisers in soil, prevent active component from leaching to
underground water®?), and improve the plants’ growth.

The substitution of controlled release method with the traditional fertilizing
methods have resulted in development of the best technical solution to provide local
concentration of the active agents and reduction of drain piping*>9,

Fertiliser release systems must be able to control the amount of leaving
fertiliser as time goes by. Thus, amount of water inside the polymer network should
be somehow controlled. Among the advantages of using hydrogels in controlled
release of fertilisers in agriculture, mention can be made of:

1. As the water diffuses into the network, the loaded fertilizer exits slowly and feeds
the plants’ roots in a longer period of time. In addition, the amount of permeation can
be controlled by changing the network structure®.

2. Since the interactions between the fertiliser and polymeric network are weak, a
higher amount of fertiliser is released by the hydrogel in comparison with the zeolites
which hold the fertiliser by adsorption®.

Polyacrylamide (PAAmM) hydrogels and their derivatives are the subject of
many studies®® 1Y, PAAm hydrogels have proven capability of water absorption and
biocompatibility with physiologic body fluids. The application of PAAm hydrogels in
controlled release of agrochemicals and bioactive have been investigated®? 2,

The present work proposes the synthesis of PAAmM - based gels by a
simultaneous polymerization/ crosslinking method in presence of acrylic acid (AA) as
crosslinking agents. The influence of experimental parameters on both polymerization
yield and swelling behavior of hydrogels and the water absorption and the release of
sodium nitrate as the sample chemical fertiliser in acrylamide based hydrogels are
discussed.

2-Experimental:-

2-1. Materials

Acrylamide (AAm, Himedia), Acrylic acid (AA, Himedia), N,N' methylene
bis(acrylamide) (MBA,Fluka), Potassium peroxodisulfate (KPS, Merck), N,N,N',N'-
Tetramethylene ethylene diamine (TEMED,Himedia), Sodium nitrate (Merck),
Methanol (BDH),Deionized water (Iraqi Local product)
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2-2. Apparatus
1. Digital Sensitive Balance, Sartorius AG GO TTINGEN,BL210s,GERMANY

2. Oven, TRIUP International CORP.ITALY

3. Flam Photometer,CL378,ELICOU.K,ENGLAND

4.FTIR 8400s Fourier Transform linfraerd Spectro Photometer, SHIMADZU ,
JAPAN

5. Hot Plate STIR. BIBBY STERILINTD . UK

6. Water Stil, Labtech . KOREA

7. FUME HOOD, K & K SCIENTIFIC SUPPLER , KOREA

2-3. Synthesis of Polyacrylamide Hydrogel

Acrylic amide (5gm) was dissolved in (50ml) de-ionized water and added
(Aml) N,N,N',N'-tetramethlene-ethylene-diamine (TEMED) as accelerator , and then
the solution was added into triple-necked flask , which was equipped with a stirring
apparatus and a reflux condenser. The solution was stirred for 20 min and heated in a
water bath of 60°C under nitrogen protection . An amount of( 0.1gm) potassium
peroxodisulphate (KPS) as initiator dissolved in (10ml) de-ionized water , was slowly
added into the flask to initiate the polymerization process after 30min. The reaction
was stopped after 2h.The product was precipitated by methanol as white and solid
mass.

The prepared hydrogel was pourd into a petri dish 90x10 mm and was then
dried in the oven of 50°C for 24h.

2-4. Synthesis of Acrylic Acid -Crosslinked Polyacrylamide. (A1-A5)

Acrylic amide (5gm) was dissolved in (50ml) de-ionized water and added
(Aml) N,N,N',N'-tetramethlene-ethylene-diamine (TEMED) as accelerator , and then
the solution was added into triple-necked flask , which was equipped with a stirring
apparatus and a reflux condenser. the solution was stirred for 20 min and heated in a
water bath of 60°C under nitrogen protection .then , different amounts of acrylic acid
are given in table (2-1) , 0.05 gm of MBA as crosslinked agent were added into the
flask . and the solution was stirred incressantly . An amount of( 0.1gm) potassium
peroxodisulphate (KPS) as initiator dissolved in (10ml) de-ionized water , was slowly
added into the flask to initiate the polymerization process after 30min. The reaction
was stopped after 2h.

The prepared crosslinked hydrogel was pourd into a petri dish 90x10 mm and
was then dried in the oven of 50°C for 24h.

Table (2-1). Amount of reaction parameters for synthesis of AA-crosslinked
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The prepared crosslinked hydrogel was pourd into a petri dish 90x10 mm and
was then dried in the oven of 50°C for 24h.

2-5. Fertilizer Loaded. (B1-B5)

The synthesis of loaded hydrogels is similar to that of the unloaded ones. The
difference is, after complete mixing of the monomer solution, crosslinked agent
acrylic acid and different amounts of fertilizer are added and mixing operation
continues for another 2hrs. The fertilizer content in the obtained polymer network was
(0.1,0.2,0.3) (gm), are given in table (2-2).

Table (2-2). Amount of fertlllzer loaded in different amount of crosslinking agent

m|

AAmM (gm)
monomer

(AA) (gm)
Crosslinking agent

Fertilizer loaded
(gm)

2-6. Swelling Measurment

Dried hydrogel pieces were used to determine the degree of swelling. The
swelling ratio (Rs) was determined by immersing the hydrogels (0.1gm) of each
sample in distilled water (100 ml) and was allowed to soak for 18 h at room
temperature. After every one hour , they were removed from the water, blotted with
filter paper to remove surface water, weighted and the swelling ratio (Rs) was
calculated using the equation below:

W, -W

R, =———4*100

s
d

where Ws and Wd are the weights of the samples swollen in water and in dry state,
respectively.
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2-7. Deswelling Measurement

the deswelling of the hydrogels was measured gravimetrically at 60 °C after
wiping off the excess water from the gel surface using moistened filter paper. Before
the measurement, the hydrogels were allowed to swell to equilibrium in distilled water
at 25 °C. the mass changes of hydrogels were recorded at regular time intervals. Water
retention (WR) is defined as follows :

Wt - Wd
WR=— *100
Ws
Where Ws and Wd are the weight of water in the swollen gel and weight of dry

gel, respectively. And Wt equals to total weight of the gel at a certain time interval

2-8. Fertilizer (Sodium Nitrate) Release

A loaded hydrogel sample are used in order to determine the amount of sodium
nitrate released from the polymer network. The sample is dried and weighted
(0.2gm) , and then immersed in 200 ml of distilled water at room temperature.The
amount of sodium nitrate released was evaluated using flame photometer for one hour
each 18h.

3-Results and Discussion

3-1. Synthesis of Polyacrylamide and Spectral Characterization

In this study, AAm hydrogels were prepared by free radical polymerization
in aqueous solutions of AAm. In the polymerization process, The first step is a
reaction between KPS and TEMED in which the TEMED molecule is left with an
unpaired valance electron. The activated TEMED molecule can combine with an
AAm. In the process the unpaired electron is transferred to the monomeric units, so
that they in turn become reactive®. Another monomer can therefore be attached and
activated in the same way. The polymer (AAm) can continue growing indefinitely,
with the active center being continually shifted to the free end of the chain, see (figure
3.1). Polymerization and crosslinking process have taken 2 hours in AAm gelation in
the studied conditions.

75



ElsHImMaADZU

2012 & 423a)l 17 laal & al) o glall Zacldl) Alae

AN
N—\_N/ TEMED
4 AN

Initiation l

A4
N
\N‘)
/
o) o)
N
Figure (3-3). PRUFRGE %'r?ncf T D by KP s an unpaifed valence
electron whichjcombines with aczrylamAde fon;pﬁwg an indefinitely large polymer
v nefwork."
o\ NH, O NH,

Figures (3 -2) repT lﬁ pectra at PAAm scanned in th¢ range 400-4000
cm L. The chardsteristitca-band=chie =o)-is-appearec-between-1600-1700 cm 1.
and the abroad absorptlon band due to (N-H) stretchlng IS observed between 3200-
3500 cm 1. The characteristic peaks (1300-1400cm™) are due to the presence of a (C-
N) vibration . The peak at around 2950 cm™ is due to (C-H) stretching of polymer
backbone®4),

o e e e e e e e e e e e e e e e e T e | e e

3-2). FTIR spectra of polyacrylamide




2012 & 423a)l 17 laal & al) o glall Zacldl) Alae

3-3. Synthesis of Copolymer of Acrylamide and Acrylic Acid in
Presence of MBA as Crosslinked Agent and Spectral Characterization.

Crosslinked copolymers of acrylamide and acrylic acid were synthesis by free
radical polymerization using monomers acrylamide and acrylic acid in presence of
MBA as crosslinking agent. Using potassium persulphate as the initiator and
(TEMED) as accelerator. see (scheme 3-1).

NH»
_ , O« _OH K,S,0
¢=0 + ((HZC:CH—E—NH>CH2 + 7 e
HC=CH, ° 2 HC==CH, 60 °C

aanocheme (3-1). Synthegisof crosslinked copolymer of acrylamide and
acrylic acid

wwwith, FOHR-spegtrutH inChgure {3-3) showed-aHand Hide Col S+ )isvappedred

between 1714816(())0 cm‘l-éD_e;ags are @&@ (N etchin
stretching arg observed at|around 3200 and 3340 cm™, re
peaks (1300M#00) cm™* ate due to the presence?of a (C-N) vibratioR®and the pea
(1000-1260) cm™ is due lto (C- 0). The peak at around
stretching of polymer bac%%ne(“).

" |
c=o0 =0
WMMWCHQ—(llH—CHZ—éZH—CH2—(|:H—CH2—(I2H—CH2—CH—CH2———$HM""’W‘W
c=o ¢=0 F=° ¢=0
NH, OH NHz OH
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strong influence on the water sorption capacity of the copolymer hydrogels. The
carboxyl groups in the acrylic acid exhibit a high capacity for holding water molecules
compared to the amide of acrylamide®®. The photographic pictures of P(AAM-AA)
hydrogels are shown in figure (3-5).
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Figure (3-5). The photographic pictures of swelled hydrogels of
P(AAm-AA)

3-5. Deswelling of Hydrogels of PAAM-AA

The deswelling of the hydrogel polymers with different AA after a temperature
jump from the equilibrium swollen state at 25 °C to the hot water at 60 °C, are
illustrated in figure (3-6). From figurr (3-6) it can be seen that all the samples loss de-
ionized water dramatically. When a hydrogel is placed in de-ionized water its
shrinking immediately starting at the gel surface due to the free mobile nature of the
surface and the collective diffusion of the polymer network in de-ionized water. Then
a dense polymer skin layer at the surface of the gel is formed, preventing de-ionized
water to flow out of the gel. As different composition was incorporated into hydrogel,
the surface of the hydrogels was quite uneven compared to that of the pure PAAmM
hydrogel, which would weaken or destroy the dense skin layer of hydrogel. Therefore,
de-ionized water molecules pass through the surface layer more easily, and the
shrinking rate is improved®”.
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Figure (3-6). Deswelling of hydrogel of PAAM-AA at 60°C
3-6. Effect of AA Concentration on Release of Sodium Nitrate.

The release of sodium nitrate from PAAmM hydrogels was studied by varying
AA concentration. Figure (3-7) shows the effect of AA concentration on the sodium
nitrate release behavior of the hydrogel. The results indicate that the release of active
agent depends, obviously, on the AA concentration. As the amount of AA increases
from 0.5 to 2.5 gm, the fertilizer release rate increases. The fast release of sodium
nitrate is due to the higher swelling behavior of hydrogel with high concentration of
AA. The high entrapment efficiency of hydrogel formulation is observed because of

hydrophilicity®®) It was observed that release results are very similar to swelling
results

]
o o o o
L L L L

o o o
L L L

Release @f sogiunnitrgte (%)

o

0 2 4 6 8 10 12 14 16 18 20
Time (h)

80



2012 & 423a)l 17 laal & al) o glall Zacldl) Alae

Figure (3-7). Effect of AA concentration of the release of sodium nitrate

3-7. The Effect of Amount of Loading on Release of Sodium Nitrate.

The release profile of sodium nitrate from porous PAAm hydrogel loaded with
various amounts of the sodium nitrate was studied in deionized water. The results are
shown in figure (3-9). The results show that the loading is increased with increasing
the sodium nitrate concentration in loading medium. The release profiles indicate that
the amount of released sodium nitrate increases with increasing loading of active
agent. It is attributed to the larger amount of loading. The faster the movement of the
solvent front penetrating the surface of the loaded hydrogel®.

'5_5 | —— 0.2gm(SN)
30 A —&— 0.3gm(SN)
o5 1 0.1gm(SN)

Rele
g
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Figure (3-9). Effect of percentage of loading of sodium nitrate (PAAM-AA
hydrogel) on the release of sodium nitrate from hydrogel.
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